Technical guidelines for management of fisheries resources, biodiversity and environment of Victoria basin lakes by Ogutu-Ohwayo, R. et al.
-. .
Technical Guidelines for Management of
Fisheries Resources, Biodiversity and
Environment of Victoria Basin Lakes
Technical Document NO.1
Fisheries Resources Researc I stltu.te:
:..
c·;m';~ h~, n""t" -Ohwayo .R, RMugidde, J S.Balirwa.
Technical Guidelines for
Management of Fisheries
Resources, Biodiversity
and Environment of
Victoria Basin lakes
Edited by: Ogutu-Ohwayo.R. R. Mugidde. J.S Salirwa.
Fisheries Resources Research Institute
(FIRRI) .
Technical Document No.1
•
First Edition 2002
FIRRI, Jinja Uganda
.,~
,.~
"I .~~J- . ~
Ack
v'~l..l.
v' ~ , >I~ f::::c;.zv.. :)
~, J.. \'
~. 1-.. "0 'r!wledgemtnts' . " :~
" '> .,,'" J'
,<\\;" lJ'. ,- l" , P'"":~~",;~~;~,~;:;.:,J.
I' .This ·document is the result of sustained efforts of Research
Scientists of the Fisheries Resources Research Institute
(FIRR!), on institute of The National Agricultural Research
Organisation (NARO) of Uganda, It would not have been
possible to produce this document without the financial support
from the International Development Research Centre (IDRC)
Ottawa~ Canada, to the then Uganda Freshwater Fisheries
Research Organisation (UFFRO) now FIRRI that provided
insight into ecological changes in the fisheries and
environment of Lake Victoria. Subsequent support from the
World Bank/GEF, Lake Victoria Environmental Management
Project (LVEMP) and the EU-funded Lake Victoria Fisheries
Research Project (LVFRP) strengthened the scientific base
on which an effective policy environment can be moulded.
The final product of these efforts has also benefited from
collaboration between FIRRI and the Department of Fisheries
Resources (DFR), Directorate of Water Development (DWD)
and Makerere University in Uganda, Tanzania Fisheries
Research Institute (TAFIRI), Kenya Marine Fisheries Research
Institute (KMFRI) and.international collaborators, especially
in North America (University of Waterloo, Florida and Michigan,
and The Freshwater Institute, Winnipeg) and in Europe
(Universities of Hull and Wageningen), and various scientists.
The essential secretarial, photographic, scanning and related
electronic handling services were provided by Messrs Jessica
Namara, Patrick Bwire and Mugweri Frank
Balirwa. Sections under Management of Fish Stocks and
Conservation of Biodiversity were written by Drs. Ogutu-
Ohwayo, Balirwa, Mwanja, Muhoozi, Mr. Kamanyi, Mr.
Okaronon, Mr. Wandera, Mr.Mbabazi, Ms. Namulemo and Ms
Nagayi-Kalule. Drs. Mugidde, Ndawula, Twongo, Balirwa, Mr.
Ssekiranda, Mr. Wanda, Ms Nsega, Kiggundu and Pabire-
Ghandi prepared sections on Lake productivity, food webs,
pollution and environmental degradation. Ms. Masette and Dr.
Campbell prepared the section on fish quality and safety.
Sections dealing with fisheries socio-economics,
management, policy and legal framework, health and nutrition
issues were written by Dr. Odongkara, the late Dr. Kadama,
Mr, Namisi, Mr. Kyangwa, Ms. Nyapendi, Gonga and Magumba.
In order to capture the perception of different interest groups,
a section has been synthesised under stakeholders views.
This section incorporates views, comments and
recommendations received from stakeholders at workshops
at which the papers were presented and discussed.
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Executive Summary
."\~ake Victoria is the second largest lake in the world. The lake
is shared between three East African countries (Kenya,
Uganaaand Tatl'Zania). The lake basin is estimated to have'
about 30 million people who depend on it as a source of fish
for food, employment, income and recreation. The lake is
. also an impo'rtant. source of clean water, is an avenue for
trafJ-sport locally and regionally, is used for recreation and is
_ recognized internatiorJallyfor its high fish species diversity of
ecological and scientific value' l\ .
During the 1980s. major ecosystem changes started
manifesting themselves in Lake Victoria. There were
increases in catches of a large predatory introduced fish
species, Nile perch (Lates niloticus). This was accompanied
by a rapid decline in fish species diversity, especially of
haplochromines, which were internationally cherished for their
scientific value. There were also increased occurrences of
algal blooms that were often accompanied by mass fish kills.
These changes created widespread fears that the lake's
beneficial uses as a source of clean drinking water and a home
for various fish types were threatened and the lake was
progressively dying.
National, re~onal and international efforts were initiated to
understand and manage the ecosystem changes. In Uganda,
the pioneering work supported by the International
Development Research Centre (IDRC), and. that was carried
out by the then Uganda Freshwater Fisheries Research
Organisation, UFFRO (now Fisheries Resources Research
Institute - FIRRI) involved in-depth research on ecosystem
changes. These efforts provided information on:
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Fisheries, especially the evolution of the Nile perch, Nile tilapia
and Mukene fisheries and the gears and methods that should
be used to exploit these fisheries; Limnological factors
especially the major physical, chemical and biological
processes affecting fish production and water quality in the
lake; An improved understanding of the dynamics and
productivity of algae and invertebrate food of fishes;
Eutrophication and contaminants and their sources and loads '
into the lake; and on health and nutritional concerns among
fisher folk.
The IORC-supported research showed that Nile perch, Nile
tilapia and Mukene had become the most important
commercial fish species in the lake. The research showed
that although predation by Nile perch had depleted native fish
species, the increases in fishery yield from Nile perch catches
had brought economic and social benefits to the riparian
communities, It was recommended that development efforts
should be focused on these three fish species. There was,
therefore a need to develop mechanisms to sustain the Nile
perch fishery and to conserve and restore lost biodiversity,
Data collected on fishing gears and methods showed that
the minimum mesh of gill net for harvesting Nile perch and
Nile tilapia should be five inches stretched mesh net and that
for Mukene net should not be less than five mm mesh seine
net operated as lampara net offshore.
Limnological studies showed that the average concentration
of phosphorus (P) had more than doubled and that silicon (Si)
had decrease,d more than ten times. The amount of nitrogen
was thus not adequate to balance the P and, this contributed
to changes in the algal community including the nitrogen fixing
algae. Most of the P was shown to be from the watershade
and airshade indicating, that there was need to control these
sources to reduce further degradation of the lake. The studies
x
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also showed that there was inadequate oxygen in deeper
waters (>40 m) to support fish for most of the year, and the
overall volume of the lake with adequate oxygen for fish life
had decreased by approximately 50%. There were also
changes observed in the invertebrate communities to types
that tolerate low oxygen conditions, and this was shown to
affect the types of fish that flourished in the lake and depend
on invertebrate food sources.
IORC support has-helped identify some emerging health related
issues. These include the potential increase in contaminants
such as mercury in fish flesh and the increased incidences of
, some water related- diseases such as bilharzia. These need
_to be tackled as they affecUhe health of the fisherfolk and fish
consumer, and can lead to losses in fish exports.
Efforts by IORC were followed by two major projects. The
Lake Victoria Fisheries Research Project LVFRP which was
supported by the European Union (EU) and the Lake Victoria
Environmental Management Project LVEMP supported by
GEFI World Bank.
The EU-LVFRP provided information on the magnitude,
distribution and population structure of the fish stocks;
additional information on the biology and ecology of
commercially important fish species, determined the fishing
effort; collected information on socio-economic issues
especially c..o-management and prepared a Fisheries
Management Plan for the lake.
The results of the LVFRP showed that Nile perch dominated
the commercial catches. The size of Nile perch in the population
was shown to be declinin[ and the proportion of females had
decreased to levels, which threatened recruitment. There was
therefore need to protect breeding females,
xi
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The fishing pressure on the lake had increased drastically.
For example in the Ugandan portion of the lake, fishing effort
increased from about 3000 boats during the 1970s to about
15,000 boats by the year 2000 to the extent that the catches
had started to decline. There was therefore need to control
fishing effort and gill net mesh size. The fisher communities
generally agreed that co-management would assist in
management of the fisheries but the communities still needed.
to be organized and co-management given legal status.
Through the GEFNVorld Bank-supported LVEMP, FIRRI has
provided information to gUide conservation and enhancement
of the endangered fish species; control of water hyacinth; the
biology, ecology and genetic characteristics of endangered
species. It has also identified and mapped critical habitats
for protection of endangered species.
Among the highlights of LVEMP research are findings that
fish species that had been thought to have disappeared from
the main Lake Victoria are still present in satellite lakes within
the Victoria and Kyoga lake basins. These satellite lakes need
to be protected and mechanisms proposed for fish stock
enhancement. Mixing of genetically similar species has been
shown to result into genetic swamping of one species by the
other and it has been recommended that such mixing should
be avoided. Water hyacinth growth hot spots were found to
be areas of high nutrient enrichment and replenishment.
Control of water hyacinth therefore requires reduction of
excessive nutrient input into the lake.
LVEMP 'also provided support for management of the
deteriorating water quality reported under IORC-supported
studies. It is now recognised that improvement of industrial
and municipal waste managemepf land use management,
wetland management and catchment afforestation are
essential policy areas that need implementation.
xii
Although a lot of information has been generated, this
information is still scattered in different project reports and in
journals and is thus not easily and readily available. It is
because of this that under the IORC supported Victoria Lake
Basin Management Research Project (VLBMRP), FIRRI
initiated a process of preparing a Monograph:
"Challenges for the Management of the Fisheries,
Biodiversity and Environment of Victoria Basin
Lakes".
The Monogra'pb. has been prepared using past and current
information collected through different projects notably those
supported by the IElRC, EU-LVFRP, the GEF/World Bank
funded LVEMP and collaborating scientists and institutions
especially from North America and Europe. The monograph
and Technical Guidelines will be updated as new information
emerges. The current Monograph examines the historical
perspectives of the fish communities, fisheries biodiversity and
the environment and the lessons learnt from history. It provides
current information in key areas of the fishery and the fish habitat
including: Management of fish stocks; Conservation of a,quatic
biodiversity; Productivity of algae and invertebrate food of'fishes;
Control of pollution and degradation of the fish habitat including
water hyacinth control; Fish quality and safety; Fisheries Socio-
economics, policies, legislation and management; and health
and nutritiOilal concerns among fisherfolk.
After completing the first draft of the Monograph, it was noted
that the document was too voluminous and would not be easily
used by fisheries managers and other stakeholders in need
of information. The autnors of the different monograph
chapters extracted summaries outlining the problem, the
methodology used to study the problem, the core
xiii
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observations, conclusions and recommendations. These
have been synthesized into these Technical Guidelines. The
Technical Guidelines are briefer and easier to understand by
a wider audience of stakeholders.
From the above account, a considerable amount of information
generated on Lake Victoria since major ecosystem changes
manifested on the lake has been collected into one source.
What is now required is to turn the available knowledge into
actions to manage Lake Victoria and its resources. There is
need for an aggressive program to package and disseminate
the available information, and to sensitize communities on
the different issues. It is through knowledge and community-
based actions that appropriate actions and advocacy will be
undertaken. There is also need to continue monitoring the
key parameters of the fishery, environment and the socio-
economic factors of the fishing industry.
The Technical Guidelines will be updated as and when new
information comes in through monitoring of the baseline
results. The Technical Guidelines will also be posted on the
FIRRI Website when this becomes operational and anyone
reqUiring updated information before a new edition is printed
is referred to the website.
xiv
Chapter one
Fisheries Research
in Uganda
One of the major national a5sets of uganda are the aquatic
resources which cover up to 18% of the country's area. These
Include five major lakes (Victoria, Kyoga, Albert, Edward and
George), about 160 small lakes and a network of rivers and
wetlands. These assets are estimated 10 have the capacity to
produce at least 300,000 metric tomles Offish annually. Uganda
also has a vast aquaculture potential whose development could
substantially increase fish production by as much as 10% of
current production. Fisheries provide food, employment,
income and export earnings and have been among the top
export commodities since 1996. The fishing industry employs
up \0 one million Ugandans. Fish is rich in proteins which are
superior in value to beef and poultry protein. Fish flesh contains
anticholesterol whiCh lowers the cholesterol level in human blood
and assists in reducing heart diseases. Some fish such as
the haplochromines (Nkelle) are used to treat measles.
The Uganda national fisheries sector goal is to ensure
increased and sustainable fish production and utilization by
properly managing capture fisheries, promoting aquaculture
and ensuring fish quality and safety. The Plan for
Modernisation of Agriculture (PMA) recognises natural
resources management as a pillar in poverty eradication.
There has, however been a decline in fish catches and fish
species diversity, changes in iake productivity processes, and
an increase in pollution and degradation of the fish habitats in
addition to post-harvest losses. These negative trends reduce
the benefits that are derived from fisheries. In addition,
1
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inadequate production of quality fish fry, appropriate feeds and
pond management practices have retarded development of
aquaculture.
Fisheries research contributes to overcoming the above
production constraints by providing the knowledge required in
sustaining and increasing fish production. This is achieved by
generating, packaging and disseminating scientific information,
building capacity and managing research to ensure:
Sustainable exploitation and management of fish stocks;
Conservation of aquatic biodiversity; Understanding the
dynamics and productivity of algae and invertebrate food of
fishes; Control of pollution and degradation of the fish habitats
including invasive weeds especially water hyacinth;
Enhancement of wild fish stocks and aquaculture production;
Ensuring fish quality and safety; Development of options for
optimization of socio-economic benefits from fisheries;
Development of options for co-management; and providing
technical guidance into development of action plans, policies,
laws and regulations for management of fisheries and the fish
habitats. Research disciplines at FIRRI are based on these
focal areas.
The Fisheries Resources Research Institute (FIRRI), one of
the research institutes under the NationalAgricultural Research
Organisation (NARO), spearheads fisheries research in
Uganda. The research at FIRRI is currently focusing on
providing information for increasing and sustaining fish
production and utilization through management of fish stocks,
biodiversity and environment of capture fisheries production
systems namely: the Victoria basin lakes; Kyoga basin lakes
and rivers; Lake Albert and Albert Nile; Lakes Edward and
George; and small water bodies. The second area of focus is
to increase fish production by enhancing fish farming through
improVing fry production and pond management practices
including feeding of farmed fish species.
2
~".'<' ,~~._.H_.' ._~~~_. !t;:J!!!~~,f:'!}~,",!j!!.?!l!''!;>.,,!2!.~!£.!!?!l!..~~~
FIRRI delivers its services through identification of stakeholder
needs, generating the required information, packaging and
discussing the information with stakeholders, synthesizing the
information and disseminating the synthesized information to
service providers, managers and resource users.
The final product of FIRRl's outputs are Technical Guidelines
for sustaining and increasing fish production in a specified
capture fisheries or aquaculture production system. This is
undertaken in two phases: The first phase consists of
production of detailed technical reports covering the different
research disciplines. The technical documents are then
compiled into a Monogrqph covering a given fisheries
production system. Key observations and recommendations
from the monograph are then summarized into Technical
Guidelines that are directed at resource users, policy makers
and service providers. Detailed technical information is found
in the relevant Monograph.
This booklet presents: Technical Guidelines for Management
of Fisheries Resources, Biodiversity and Environment of
Victoria Basin lakes. The booklet starts with an examination
of the geographic and economic setting of Lake Victoria, it
also examines the historical perspectives of the fish
communities, fisheries biodiversity and the environment and
the lessons learnt from historical changes. Technicai
information, concltJsions and recommendations are made in
key areas of the fishery. These are: Management of fish
stocks: Conservation of aquatic biodiversity; Productivity of
algae and invertebrate food of fishes; Control of pollution and
degradation of the fish habitat including water hyacinth control;
Fish quality and safety; Fisheries Socio-economics, policies,
legislation and management; and health and nutritional
concerns among fisherfolk.
3
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Major landing sites around Lake Victoria
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Chapter Two
Geographic and Economic
Setting of Lake Victoria
Lake Victoria is the second largest fresh water body in the
world, and is the largest in the developing world. The lake is
located at O'21'N - 3'O'S, and has a surface area of 68,800
km', an adjoining catchment of 193,000km'and a shoreline
length of 3,450 km. The lake is situated astride the equator at
an altitude pf 1,240 m above sea level and lies in a shallow
basin between the eastern and' western rift valleys. In
comparison to the other African Great Lakes, Lake Victoria is
the shallowest, with a mean depth of 40m and a maximum
depth of 80 m. The lake area is shared between Kenya (6%),
Uganda (43%) and Tanzania (51%). The main inflows are
Rivers Kagera (from the west), Nzoia and Sondu-Miriu (from
the east). The Lake has one outflow, the River Nile, which
connects Lake Victoria to Lake Kyoga downstream. Because
of their shared origin, the two lakes have a similar native fish
fauna. The two lake basins are characterized by numerous
satellite lakes and extensive wetlands in their basins.
The Lake Victoria basin is one of the most densely populated
areas of East Africa with a~estimated population of 30 million
people. The lake supports the largest inland fishery in the world
with an annual fish production of c.500, 000 metric tonnes worth
US$ 400m. The gross economic product of the lake basin is in
the order of US$ 3-5 billion but the annual per capita income is
in the range of only US$ 90-270. Lake Victoria is therefore a
major source of food, emple-/ment and income. Currently, fish
is a major export commodity in Uganda (second to coffee)
whose annual value has risen from US $4.8 million to US$
790-100 million between 1991 and 2001.
5
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The first fishery survey of Lake Victoria in 1929 showed that
the Lake had adiverse fish community and a healthy fish habitat.
The commercial fishery comprised of up to 12 fish species.
The Lake fishery was dominated by two tilapiine (Ngege) species
Oreocftromis escufentus and Oreochromis variabifis and the
riverine fishery was based on the Ningu, Labeo victorianus.
Other species of commercial importance included Bagrus
docmak (Cat fish), Protopterus aethiopicus (Lung fish) and
Mormyrus kannume (Elephant snout fish). The water was clean
and well mixed with adequate oxygen to the bottom for most of
the year. The fishes were well distributed over the entire water
column. Algae were dominated by large diatoms such
Aufacoseira; the zooplankton community comprised mainly the
larger calanoids, and the macro-invertebrates were mostly
chaoborids all of which provided food for the diverse fish
community.
Fishing effort on Lake Victoria was originally low and
dominated by small craAs and inefficient fishing gear. Fishing
effort increased with introduction of gillnets in 1905 and
expansion of markets to urban centers. As a result, catch
rates of O. esculentus and L. victorianus declined. The fishery
survey of 1928-1929 observed that O. escutentus were over-
fished and recommended that a minimum mesh size
restriction of 5 inches be imposed. It also recommended the
setting up of management and research institutions to enforce
the legislation and collect data. Mesh size restriction was
imposed in 1931. Lake Victoria Fisheries Service (LVFS) was
Chapter three
The History of fish
communities, biodiversity and
the environment of Lake Victoria
6
Technical Guidelines for Victoria Basin Lakes
There are several urban centers along the Uganda lakeshore,
the largest of which is Kampala City with a human population
of three million people. However, the lake catchment economy
is principally based on subsistence agriculture. The lake is a
direct source of water for domestic and industrial use as well
as a receptacle for municipal, industrial and domestic waste.
Lake Victoria and two other African Great lakes (Malawi and
Tanganyika) had very high fish species diversity. These three
African Great Lakes are among the richest centres of aquatic
biodiversity especially fish in the world. These lakes represent
a spectacular example of rapid speciation, best demonstrated
by the haplochromine fishes. There were over 500 species
of haplochromines in Lake Victoria alone, more than 99% of
which were endemic; these fishes comprised atleast 80% of
the fish stock in Lake Victoria up to the early 1980s when
ecosystem changes were observed by research initiatives.
Technical Guidelines for Victoria BasJn Lakes
set up to enforce the regulation lake-wide. The East African
Freshwater Fisheries Organization (EAFFRO) was formed
in 1947 to provide scientific data for management of the fishery.
A major weakness in the Lake Victoria fishery was that there
was no limit to and no control of fishing effort, and fishing
gears and methods to the extent that fishermen shifted to
smaller mesh size gill nets whenever the catch in the larger
meshes decreased. Consequently, the mesh size regulation
became difficult to enforce and was repealed in Uganda and
Tanzania in 1956 and in Kenya in 1,961. The Lake Victoria
Fisheries Service was disbanded in 1960. The regional
research insmution was initially passed on to the first East
African Community (EAC). This too disintegrated into national
research institutions in 1977.
Nile perch, Lates nllotleus and four tilapline species; O.
niloticus, O. feucostictus, T. zillii and T rendaltl were
introduced into the iake in the late 1950s and early 1960s to
improve fish stocks following a decline in native species.
During the late 1960s attempts were made to develop
mechanisms of exploiting the haplochromines which were the
only species abundant in the lake at that time. Experimental
fishing in the Tanzanian portion of the lake showed that these
too could not withstand heavy commercial exploitation.
Stocks of Nile perch increased from 1977 onwards. ThiS was
followed by a rapid decline in stocks of most native fish
species especially haplochromines due to heavy predation
by Nile perch. Stocks of native tilapines Virtually disappeared
apparently through competition and were replaced by the
introduced O. niloticus. The fishery became and IS still
dominated by three species, Nile perch, Nile tilapia and R.
argentea.
8
Technical Guidelines for Victoria Basin Lakes
There were major changes in the lake productivity processes
and in the fish habitat. Algal blooms and massive fish kills
events became frequent. The concentration of nutrients
especially P increased, while that of silicon decreased. Algal
production and biomass increased. Water transparency
decreased. There was less oxygen in deeper water (>40 m
deep) for most of the year (Sept-April). Later the lake became
infested by water hyacinth.
There were changes in the composition and abundance of
organisms upon which fish depended for food. Algal
composition changed from the large diatoms to predominantly
blue green algae. Zooplankton composition changed from
larger calanoid copepods and cladocerans to smaller types
(cyclopoid copepods) and the macro-invertebrates community
changed from that dominated by chaoborids to one of
chironomids. There were noticeable changes in trophic
diversity especially among the fishes. Examination of
sediment deposits showed that some of the changes in the
ecosystem started early in century and intensified after 1960s.
There are a number of lessons to be learnt from historical
changes in Lake Victoria. The collapse of the native fishery
of Lake Victoria can be attributed to: Failure to control fishing
effort and the shift to smaller mesh gill nets which must have
resulted into capture of immature fish. Introduction of new
fish species r~sulted into decrease in fish species diversity.
However, the introduction, in particular of Nile perch increased
fish production, which has resulted into increased export,
income and employment.
It is now recognized that environmental changes can start
slowly and manifest themselves much later. The chailenges
facing Lake Victoria are how to sustain the Nile perch, Nile
tHapia and the Mukene fisheries; how to conserve and restore
9
threatened fish species and how to control degradation and
further loss of the fish habitats. This requires effective
management institutions at regional, national, local up to
community level, a strong policy and legal framework and
information for management of the fisheries and the fish
habitat.
The technical information provided in this document is intended
to meet some of the challenges facing the lake, by providing
information to guide management of fisheries resources,
conserving biodiversity and protecting the environment of Lake
Victoria.
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Bagrus Docmak (Semutundu)
Clarias sp. (Male)
Protopterus aethiopicus (Mamba)
Previously important food fishes of
Lake Victoria
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4.1. Composition, biomass, distribution and population
structure of the fish stocks
Information to guide management of commercially important
fish stocks was obtained by: determining the composition,
biomass, distribu.tion and population structure of the fish
stocks; determining the impacts of the different types and sizes
of fishing gears and methods used to exploit the commercially
important fish s!OC'ks; quantifying the fishing effort; and
monitoring patterns in population and biological characteristics
of commercially important fishes (Nile perch, Nile tilapia and
Mukene) in response to fishing.
Chapter .Four
Commercial
ish Stock·'
anagement
moortant
The last lake-wide fish stock assessment was carried out in
early 1970s before the current changes in the fishery took
place. Ecological changes in the lake resulted in a fishery
dominated by two introduced species (Nile perch and Nile
tilapia). Therefore, there has been a demand for information
on the status of the fish stocks to guide increase and
investment interest in the presently export-oriented fishery.
Fish stock assessment was carried out from 1997 to
December 200.0 using trawling and acoustics methods. A
total of 793 trawl hauls of 30 minutes duration were taken
during experimental bottom trawl surveys in the Uganda sector
of Lake Victoria between November 1997 and December 2000
to estimate the biomass, composition, distribution and
population structure of the major commercial fish species. In
addition, five lake-wide acoustic surveys were undertaken at
six-month intervals between August 1999 and August 2001 to
estimate trends in the biomass.
R. argentea (Mukene)
Lates niloticus (Nile Perch)
Present commercially important fishes
of Lake Victoria.
Oreochromis niloticus (Nile Tilapia)
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In bottom trawls, 17 fish taxa were caught. Nile perch, (Lates
niloticus) , constituted the largest biomass (87.8%) followed
by Nile tilapia (Oreochromis ni/oticus), that contributed 8.6%
of the total biomass. Haplochromines and Nile perch
oC,cu'rred in all areas sampled whil~ O. niloticus, and other
tilapiines were restricted to shallower waters «20 m deep).
Catch rates of fish' decreased with increasing water depth from
229.0±38.1 kg hr1 for all fish species in waters 4-10 m depth
zone to 5.0 kg hr1 in the 50-60 m depth zone. The biomass for
all fish species based on the trawl method in the 4-40 m depth
zone was estimated at 142,000 tonnes (t). The biomass for L
niloticus and O. ni/oticus in this zone were estimated at 121 ,000
and 15,000 tonnes. The biomass figures were estimated to
694,000 t of L. niloticus for the whole of Lake Victoria of which
307,000 t was estimated for the Uganda portion of the lake.
The standing stock of Nile perch was estimated at 9.94, 11.73
and 9.86 t km-2 in the Uganda, Kenya and Tanzania portions of
the lake with a lake-wide average of 10.01 tonnes km 2 . Only
29_3% of Nil.e perch in trawl catches were mature fish (>50 cm
TL). The bulk of Nile perch (c. 60% by numbers) were caught
in waters 4-20 m deep. The annual yield from the Ugandan
portion of Lake Victoria was estimated at 107,000 t of which
about 72,000 t was Nile perch. Trawl surveys indicated that
the standing stock lake-wide decreased from 694,000t to
628,000t from 1999 to 2000 with the decrease in Ugandan water
estimated at 307,0001 to 266,000t.
Acoustic estimates gave a biomass index of 2.1 million tons
in August 1999 but this decreased to 1.5 million tons by
February 2001. Most of this reduction was in the Nile perch
index, which was estimated to have decreased from 1.7 to
0.7 million tonnes. The stocks of small pelagic fish were
relatively stable at around 570,000 tonnes for mukene
(Rastrineobola argentea) and haplochromines combined.
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High stock densities of the pelagic fish (Mukene and
haplochromines) were recorded in offshore waters. There
was a decline in biomass index with depth from a maximum
of 800-1000 in waters less than 20 m deep to an average of
200 in water of 30 to 70 m deep. The abundance index of Nile
perch was estimated to have decreased from 790,000 to
530,000t while that of small pelagics increased from 350,000
to J ,200,000t. Use of acoustics is a new method in Lake
Victoria and is yet to be perfected to provide more accurate
information. However, the trends in biomass index suggest
that fish stocks are on the decline which requires appropriate
intervention to curtai.! the decline.
Recent results show that t)!ile perch, Nile tilapia and Mukene
are currently the most important commercial fish species and
management measures shou Id focus on these three species.
Stocks of haplochromine species have started to recover.
However, the results also suggest that the biomass and the
size structure of the commercially exploited fish stocks
especially Nile perch are declining. There is therefore need
to take precautionary measures to control fishing effort, the
size of fish caught and the gears used.
4.2. Appropriate fishing gears and methods
Failure to regulate fishing gears and methods has been a
major cause of collapse of fisheries in Uganda. Fisheries
have been damaged by destructive and non-selective fishing
gears and metho~s such as trawling and beach seining, by
use of gill nets of mesh size which crop immature fish. Nile
perch, Nile tilapia and Mukene are currently the most important
commercial species in Lake Victoria. Selectivity of fishing
gears used to exploit Nile perch, (Lates niloticus L.) Nile tilapia,
(Oreochromis ni/oticus L.) and Mukene (Rastrineobo/a
argentea) were examined ;n order to recommend the most
suitable types, sizes and methods that Should be used in
exploiting these species.
15
•
rp.;;JI11jj::~1 GUjd{)fifJ~VIr;;rD'liI BJ!~r~
Basi,. Lak9s
"
b.oook f,na'
Gill nets of less than 127 mm (5") mainly captured immature
Nile tilapia and Nile perch. Mosquito seine nets of 5 mm catch
high proportions of immature Mukene while those of 10 mm
catch mainly mature Mukene. When operated ,ins~ore, both
sizes catch immature Nile perch and Nile tilapia as by-catch,
To protect the Nile tilapia and Nile perch fisheries, the minimum
mesh size of gill nets should be set at 127 mm. To protect
the Mukene fishery and at the same time avoid ca.tc~ing
immature by-catch, a minimum mesh size of the ~ukene net
should have been 10 mm operated as Lampara type net
offshore but since most fishermen have been using the 5 mm
seine for over five years the minimum size should not be
allowed to drop below 5 mm pending further thorough
investigations.
4.3. The need to control fishing effort and methods in
management of the fisheries
Control of fishing effort and fishing methods is a major tool in
fisheries management. Fishing effort (the numbers offishing
boats and nets) is on the increase on Lake Victoria and has
contributed to reduction in fish stocks as manifested by
declining catch per unit of effort. Historical trends in fishing
effort and annual fish catches were analyzed for the period
1961 - 2000. Changes in fishing effort over the last decade
were obtained by comparing frame survey data for several
yea rs between1988-2000. Fish catches were related to fishing
boat types and fishing gear composition for the major
commercial fish species using data gathered from 25 selected
fish landing sites representing fishing grounds in the Uganda
part of Lake Victoria in 2000/01.
The successful establishment of Nile perch in Lake Victoria in
the late 1980s was followed by a rapid increase in fishing effort
from about 3470 boats in 1988 to dOOO boats in 1990 and to
15,418 boats in 2000. Over the last decade, the increase
16
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in fishing effort resulted in a lake-wide decline in (CPUE) catch
per unit effort (CPUE) from 36 t boat' year1 in 1989 to about 13
t boat-1 year 1 by 1998, The average size of gillnet decreased
from 203.2mm and 177.8mm in 1990 to 152.4mm and below
in 2000. The use of illegal gillnets <127 mm mesh size
increased from 5% in 1990 to 18.6% in 2000. The overall effect
of these changes was a continuous decline in the mean size
of Nile perch and Nile tilapia landed. Use of undersized gillnets
is common in small boats which operate in near shore areas,
i.e. 53% and 23% of nets used by parachute and paddled Sesse
boats respectively, but constitute only 1.9% of nets used by
motorised boats. The mean number of gillnets per boat also
increased by 50% in parachute boats, 34% in paddled Sesse
boats and 329/0 in motorized boats between 1990 and 2000.
These are classic indicators of a declining fishery and suggest
that the current level of fishing effort, especially in inshore areas,
is on the increase and not sustainable.
About 85 % of parachute boats operated gillnets actively and
caught close to 90% of Nile tilapia smaller than 30 cm TL, the
minimum size recommended for the onset of harvest. In
addition to using undersize gillnets, the near shore waters
where these boats operate could be lacking large Nile tilapia
due to overfishing. The best selection of Nile tilapia was by
passively operated gillnets further away from the shore. In
the Nile perch fishery over 95% of the fish caught by stationary
gill nets operated from paddled Sesse boats were below 50
cm -'L, the minimum size recommended for the onset of
harvest. This is in spite of 77% of gillnets operated by paddled
Sesse boats being ~127 mm mesh size implying that the
inshore waters where these boats operate lack large Nile
perch as a result of overfishing.
Management initiatives should seek to control the number of
boats entering the fishery and regulate the number of gear
units operated from each fishing unit. The current status of
17
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the fisheries suggests that the nearshore areas where small
manually powered boats (parachutes and paddled Sesse
boats) operate are heavily overfished. To restore the fisheries
in inshore waters, the numbers of boats operating in these
nearshore waters ought to be reduced. The legislation
banning some fishing gears e.g. beach seines and undersized
gillnets which are known to be very destructive should be
enforced. The viability of redirecting fishing effort to deep
offshore waters through motorization should be encouraged.
4.4. Management of the Nile perch, Lates niloticus fishery
Nile perch is currently the most important commercial species
of fish in Lake Victoria and the basis of an export market worth
USD 100m annually to Uganda. Nile perch was introduced
into the lake during early 1960s from Lake Albert amidst fears
that it would eat up all other fishes including its own kind after
which the fishery would collapse. Establishment of Nile perch
resulted in increases in fish catches in lakes Victoria and Kyoga
by five to eight times but later from the late 1980s, the catches
in both lakes started to decline creating fears that the Nile perch
fishery may not be sustainable. The changes in the type of
prey eaten and the life history characteristics of Nile perch in
lakes Victoria and Kyoga have been monitored using data
collected since 1960s and compared to the situation in Lake
Albert to assess the health of Nile perch stocks in its new habitat
and predict long-term sustainability of its fishery.
The types of prey eaten changed from dominance of
haplochromines, to prawns (Caridina ni/otica), Rastrineobola
argentea and Nile perch juveniles. The condition factor
deteriorated from 1.4 in 1960s·to 1.2 by 1990s, which is lower
than 1.3 recorded in Lake Albert. The size at first maturity of
males changed from 30-34cm to 50-59cm and that of
females from 40-59cm to 80-1 00t;m, which is similar to the
situation in Lake Albert. The proportion of females to males
decreased from an average of 85 to 20 females to 100 males.
18
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Deterioration in the condition factor of Nile perch is indicative
of a reduction in food supply. A reduction in the proportion of
females indicates that Nile perch has fewer females and
therefore less capacity to replenish its stocks.
Harvesting certain key prey species especially C. nilotica and
R. argentea should be regulated. There is need to protect
both immature Nile perch and breeding females. Since males
mature at a smaller size (50-59 cm) than females (80-100
cm), imma-ture Nile perch and breeding females should be
protected through size selective exploitation (slot size limits)
by restricHn~ harvesting to Nile perch within the range of 50 to
100 cm using gill nets of 127 mm (5 inches) to 254 mm (10
inches). Howev.er, there is currently no law protecting Nile
perch prey. The Ugandan Fisheries Act prohibits capture of
Nile perch of less than 45 cm (18 inches) which still exposes
some immature males to capture moreover the Act does not
set the upper size limit of the fish to be harvested which allows
all mature females to be harvested. There is therefore need
to revise the law setting the upper size limit of fish to be
harvested. The Council of Ministers of the Lake Victoria
Fisheries Organisation (LVFO) in June 2002 agreed on a slot
size of 50 to 85 cm as the size of Nile perch to be harvested
and processed from Lake Victoria. This should be incorporated
in the Fisheries Act.
4.5. Evolution of the til apia fishery with special reference
t~jle tilapia, Oreochromis niloticus
Following the sharp decline in catches of the native tilapiines
(Oreochromis esculentus and Oreochromis variabilis) in the
1950s, the introduction and establishment of the Nile tilapia,
Oreochromis ni/oticus, in Lake Victoria in the same period
revived the tilapia fishery of the lake. Due to the expanding
Nile perch export market, Nile tilapia is currently the main fish
for the local consumers but this fish is also increasingly
19
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becoming part of the export market. The rapid decline in the
native fishery which was caused by biological over-fishing may
also lead to the same pattern in the Nile tilapia fishery in
addition to other environmental (habitat) disruptions even
though this species appears to be highly adapted to a wider
ecological base than the native tilapiines, thus raising fears
for an unsustainable fishe.ry. Historical trends in the native
tilapia (0. eSGulentus and O. variabifis) fishery leading to·th·at
dominated by the introduced Nile tilapia have been examined
from earlier reports: EAFRRO Annual Reports (1952-1966)
Lake Victoria Fisheries Service records, experimental fishing
data of 1993-98, catch analysis data, trawl data of 1999/2000
and the Lake Victoria Frame Survey Report of 2000. Oth~r
parameters investigated included temporal distribution and
stock density, breeding cycles and trophic ecology.
Since the early 1970s, the til apia fishery of Lake Victoria has
been dominated by the introduced Nile tilapia that occupies all
habitats previously containing native tilapiines. The highest
densities of the Nile tilapia (65% of all the fish biomass) occur
in shallow macrophyte-dominated habitats in less than 4 m
deep areas within 500 m from the shoreline. In deeper (4-1 0
m) habitats, Nile tilapia accounts for 13-32 % of the fish
biomass. Nile tilapia in northern Lake Victoria breeds throughout
the year with two peak breeding periods (May to June and
November to December). The most important items of diet for
the Nile tilapia of northern Victoria comprises of animal material
(45% main contents), made up largely of chironomids, Caridina,
molluscs and other insects followed by bottom detrital material
(40%) but phytoplankton and higher plant material may be locally
important especially for younger fish which indicates the
importance of nearshore habitats for the Nile tilapia.
Coastal zone factors, abundant food sources and flexibility in
the type of food eaten greatly influence Nile tilapia production
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and consequently its fishery. Although Nile tilapia has
successfully colonised habitats that were formerly occupied
by the native tilapiines, trends in its production and biology should
be continuously monitored to prevent its fishery from a potentially
similar collapse. Prevention of habitat degradation (e.g. removal
of riparian vegetation) should be enforced through appropriate
regulatory options such as the Environmental Statute and
wetland Policy. For example, since there is provision in the law
for. protection of 200m wide zone from the landward side of
lakeshore, a similar provision should be made for the 100m
zone from the shoreline out towards open water. As a result of
the Decentralisation Statute, there is also need to facilitate the
local authorities with appropriate guidelines that protect localised
fish populations and small water bodies in the basin from over-
fishing of the Nile til apia through support to development of
appropriate ordinances and by-laws.
4.6. Evolution and management of the Mukene
(Rastrineobola argentea) fishery
Following the decline in catches of endemic fish species and the
demand by the export market for the Nile perch, Rastrineobofa
argentea (mukene) has become an important commercial fish
species in Lake Victoria. It is not only prey to the Nile perch, but
is now a main source of fish protein available to the rural poor in
} the region. Mukene is also an important commodity in feed
formulations for poultry and could become part of fish feed
fombinations in aquaculture. The species is ranked first in
Kenya, second to the Nile perch in Tanzania and is third in
importance after the Nile perch and Nile tilapia in Uganda. In
addition to predation by the Nile perch, human exploitation of
mukene has added extra pressure on its stocks. Mesh sizes of
nets used in the capture of R. argentea on Lake Victoria have
reduced from 10 mm stretched mesh to 5 mm in several areas.
Favourite grounds for mUkene fishing especially the sheltered
bays are also nurseries for other fish species which
21
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are as a result caught as by-catch in the mukene fishery. The
biology, ecology and the performance of the fishery has been
investigated over a period stretching back to 1970 before the
establishment of the Nile perch and before and after expansion
of the mukene fishery in the northern waters of Lake Victoria.
The average size of mukene from the inshore waters of Lake
Victoria has dropped from a mean size of over 60 mm'
standard length (SL) in the early 1970s to 37mm SL by 2000.
The species now grows faster maturing after 8 months
compared to 14 months in 1988. It also currently matures at
a smaller size of 36 mm SL compared to 52 mm SL prior to
1980s Feeding occurs mostly during daylight hours on
zooplankton although at night, lake fly larvae or pupae can be
ingested. The species breeds throughout the year with two
peak breeding periods during the months of August and
December/January.
Mukene is infected by a cestode parasite Ligula intestinalis.
The·fish together with a copepod act as intermediate hosts to
the parasite that finally matures in fish-eating birds. Prevalence
of infection by the parasite is low (6%). There is however yet
no evidence to suggest that the parasite could be harmful to
humans who may eat infected fish. Besides most parasites
leave the fish as soon as it is landed. There is also no
mechanism for controlling the parasite except fishing which
removes infected fishes thus breaking the reproductive cycle
of the parasite.
Inshore waters and closed bays are nurseries for Mukene and
many oth'er fish species especially the tilapia. Fishing for
Mukene in these areas captures up to 50% of juvenile Mukene
and juveniles of Nile perch and tilapia as by-catch species. Open
waters away from shores contain less than 2% of the
22
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by-catch due to Mukene fishing. Therefore, fishing for mukene
should be carried out in more open waters. Closed bays and
shoreline areas (1,500 meters or less from the shoreline)
should be avoided. Beach seines which can also be operated
to capture mukene should be prohibited since they are
operated from shoreline habitats that are also breeding and
nursery areas for most species of fish.
The decrease in mean size of the populations and size at
first maturity of Mukene and an increase in growth rate
especially in closed bays inshore are signs of local over-
fishing. Once the fishery shifts away from these bays, capture
of juvenile fishes as by-catch can be reduced.
The only method by which mukene can be exploited is through
light attraction. The mesh size of mukene fishing nets is not
provided for under current legislation. Moreover, using light
to catch fish is illegal in Uganda. Therefore, this law which
was put in place before the emergence of the mukene fishery
needs revision to legalise light fishing and to set the mesh
size for mukene fishing.
•
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5.1. Distribution of endangered native fish fauna and their
conservation
Information for conservation and enhancement of aquatic
biodiversity was generated by: identifying endangered species,
determining composition, relative abundance, distribution,
biological and genetic characteristics of endangered species;
mapping.cr.itical habitats for survival of endangered species;
recommending mechanisms for their protection and
enhancement; BOd identifying environmental and biological
factors that threaten endangered species.
The diversity of native fish species in lakes Victoria and Kyoga
declined due to overexploitation, introduction of new fish
species especially the Nile perch and habitat degradation.
Efforts have been made to identify refugia for surviving
species so that they can be protected or conserved in-situ to
prevent the species total Joss. A fish faunal survey has been
carried out since t.he early 1990s covering five satellite lakes
in the Victoria basin, eight in the Kyoga basin and in Rivers
Nile and Sio to identify fish faunal refugia that may be suitable
for the collservation of endangered species. Specific habitats
inclUding rocky areas, nearshore areas and those covered
by macrophytes within Lake Victoria have been surveyed.
Kyoga basin satellite lakes had the highest number of fish
species (25), followed by Nabugabo lakes (17), Rivers Nile
and Sio (17 each), Lake Victoria (16) and lakes Mburo and
Kachera (8). Among the Kyoga basin satellite Jakes, Lake
II' •
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Nyaguo had the highest number of fish species (14) followed
by Nawampasa (14), Bisina (12), Nakuwa (12), Lemwa (10),
Agu (9), Kawi (8) and Gigati (7). Among the Victoria lake basin
satellite lakes, Lake Nabugabo had the highest number offish
species (16) followed by Kayanja (11), Kachera (8), Mburo (7)
and Kayugi (7). However, although lakes Kachera, Mburo,
Kayugi and Kayanja had a lower number of species, they are
an important refugia for the endangered native tilapiine O.
escu/entus. The native tilapiine 0. escu/entus was recorded
from the four satellite lakes (Kachera, Mburo, Kayugi and
Kayanja) in the lake Victoria basin and three (Nawampasa, Kawi
and Lemwa) in the Kyoga basin. O. variabi/is, another
endangered native tilapiine, was recorded from Lakes
Nawampasa and Gigati and in the Napoleon Gulfof Lake Victoria.
Labeo victorianus was recorded from the two rivers sampled.
The haplochromine Prognathochromis venator that had
disappeared from Lake Nabugabo, was found in lakes Kayugi
and Kayanja. Apart from lakes Mburo and Kachera, the satellite
lakes were not commercially exploited and were therefore
suitable for conservation of the endangered native fish fauna.
These lakes were surrounded by papyrus swamps that
prevented the spread of the predacious Nile perch and reduced
other human impacts. In all the lakes sampled, the diversity of
fish species decreased with increasing distance from the
shoreline. In Lake Victoria the diversity index decreased from
0.7 along the shoreline to 0.4 in the open waters, 0.7 to 0.4 for
Nabugabo lakes, 1.1 to 0.5 for Kyoga satellite lakes, and 0.5 to
0.3 for lakes Mburo and Kachera.
In Lake Victoria, shallow inshore habitats with macrophyte cover
and those with rocky outcrops were found to be important
habitats for the endangered native fish species. For example,
O. variabi/is was only recorded from habitats with fringing
macrophyte cover whereas Synodontis victoriae was recorded
from rocky habitats. Generally, fish species diversity
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In the lake was highest in rocky habitats (1.12) as compared
to macrophyte habitats (1.07) and open waters (0.61). More
than 40 haplochromine species were recovered from the rocky
habitats as cO'T,pared to two in open waters and 23 from the
macrophyte habitats in the Jinja waters of Lake Victoria.
The satellite lakes (Nawampasa, Kayugi, Kayanja, Lemwa,
Kawi, Mburo and Kachera) are important refugia for the
endangered nati'ie tilapiines O. escu/entus and O. variabilis.
Iley should thus be protected. Rivers Sio and Nile and special
habitats (rocky and macrophyte covered) provide sanctuary
.to other endangered native fish fauna and should be protected
.in a'ddition to nearsh<;?re areas which are very important
ursery grounds for most species.
Currently there is no specific policy for the protection of satellite
Jakes in Uganda. There is a law protecting the land-ward side
of the shores of lakes and rivers. There is however no law
protecting the lake-ward side. Given the importance of these
nearshore areas, measures should be taken to protect a strip
ofwater along the lakes and rivers and data should be collected
to define the zone for protection. Reclamation of swamps
and clearing of macrophytes surrounding the satellite lakes
d rivers for agriculture should be avoided to stop the spread
f Nile perch and the degradation of the water environment.
e National Environment Regulation, (2000) which provides
for protection ci 200 m and 100 m buffer zones for lakes and
rivers respectively should be enforced.
5.2. Implications of changes in trophic d
webs on fisheries and environment
Trophic or feeding relationships playa major role in aquatic
ecosystem stability. Materials produced in an ecosystem are
consumed by other organisms in that ecosystem and this
prevents them from accumulating and degrading the
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ecosystem. The feeding habits of fish and fishing have
consequences for other aspects of fish biology, including life
history patterns especially growth. Fish are important
consumers in the aquatic food webs and at the whole
ecosystem scale, predation by fishes and fishing alters
community structure and nutrient cycling, thus, both direct
and indirect predation and fishing effects are expressed in
population structure, community composition and productivity.
Failure to consume materials produced in an aquatic
ecosystem results in their accumulation and can lead to
environmental degradation. For instance, lakes Victoria and
Kyoga supported a diverse and similar native fish fauna with
haplochromine fishes which formed 80% of the fish biomass
in Lake Victoria having at least 11 trophic groups. Introduction
of exotic species, overexploitation and environmental
degradation changed the food web structure. The Nile perch
depleted haplochromines and decreased trophic diversity in
these lakes. Species and trophic diversity of haplochromines
were studied in six small lakes without Nile perch in the Kyoga
lake basin and compared with the main Lake Kyoga and
historical data from Lake Victoria where Nile perch were
introduced to understand how changes in fish fauna can affect
trophic diversity and ecosystem functioning. Fishes were
collected using experimental gill netting, and basket traps.
41 haplochromine species were found in the smaller Kyoga
basin lakes in comparison to 14 recorded in the main Lake
Kyoga, and 22 species in the main Lake Victoria. Seven trophic
groups (insectivores, peadophages, piscivores, algal eaters,
higher plant eaters, molluscivores and detritivores) of
haplochromines were recorded from the Kyoga Minor lakes
as compared to only two trophic groups (insectivores and
molluscivores) in the main Lake Kyoga. Trophic diversity was
highest in Lake Nawampasa (1.28) and lowest in main Lake
Kyoga (0.13). Overall the Kyoga minor lakes had a higher
trophic diversity (1,49) than the main lake Kyoga (0.13).
28
in
~
j
~
I
T~cJmir;al GuJdellnes for V;crorja Silsifl Lakos
In Lake Victoria trophic diversity reduced from 5 trophic groups
(insectivores, piscivores, molluscivores, plant material eaters
and scale eaters) in Napoleon Gulf in 1970's to only 3 trophic
groups (insectivores, molluscivores, and prawn eaters) by 1996.
Originally haplochromines occupied virtually all trophic levels
and played an important role in the flow of organic matter in
-these ecosystems. Each species had its own unique
combination of food and habitat preference. The decline in
the trophically diverse haplochromine fish species led to much
of the produced organic matter remaining unconsumed and
decay of the exce'ss organic matter contributed to depletion
ef oxygen in the water column and to development of anoxic
conditions in water deeper than 40m,
Seven trophic groups of haplochromines that disappeared from
lakes Victoria and Kyoga apparently due to Nile perch predation
still survive in the Kyoga Minor lakes where Nile perch is absent.
Lakes Nawampasa, Gigati, Agu and Kawi should be designated
as conservation areas of fish species especially
haplochromines and native tilapiines which are threatened by
introduction of Nile perch in the main lakes. Nile perch has
been prevented from spreading into these lakes by swamp
vegetation that separate them from the main lakes. Therefore
in order to prevent Nile perch from spreading into those lakes,
the swamps around the lakes should not be cleared.
•
5.3. Distribution and population characteristics of the
native tilapiine (Oreochromis esculentus) of Lake
Victoria and Kyoga in relation to conservation and
enhancement of its stocks
During the first half of the 20 th century, Oreochromis
esculentus was the most important commercial fish species
in lakes Victoria and Kyoga. The species was endemic to
these two lake basins. The stocks of a. esculenfus declined
29
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due to over-exploitation and competition with introduced
tilapiines. By 1970s it was virtually absent from lakes Victoria
and Kyoga. However preliminary studies in early 1990s
showed that the species was surviving in some satellite lakes
in the two lake basins. Four satelhte lakes (Mburo, Kachera,
Kayanja, Kayugi) in the Victoria lake basin, and three
(Nabisojjo, Kawi and Lemwa) in the Kyoga lake basin were
sampled between 1997-2001 to assess the presence of the
species and determine its population characteristics to gUide
conservation and enhancement of its stocks.
O. esculentus was found in all the satellite lakes surveyed.
However, the species relative contribution to fish stocks varied
between the lakes with the highest frequency (58.1 % of the
total catch) recorded from Lake Nabisojjo. The fish in all the
lakes were 7.5-38.7 cm in total length with a modal length of
16-21 cm. In comparison to the species' original diet of
diatoms in both lakes Victoria and Kyoga, blue green algae,
(Cyanobacteria) were the most dominant food item for the
fish ill Illost of the investigated lakes. It was only in Lake
Kayugi where diatoms were still important, that fish grew to
the largest size (38.7 cm TL) and had the highest relative
fecundity (963±148 eggs). The overal1 rnean condition factor
(K) of fishes from all the sampled lakes was 1.77±O.02 with
Kawi and Kachera registering the highest K (1.92±0.02) and
Kayao)a the lowest (K=1.50±O.02). There were generally more
males than females witl, the exception of lake Mburo. The
sex ratios were within the historical values previously recorded
in Lake Victoria. In addition, females genera'ly matured at a
bigger size than mal~s.
Results of this stUdy show that o.esculentus is still present in
some satellite lakes illustrating that the species can survive
well in some small water bodies. The lakes where diatoms
are s~l! dominant and form the main food item of the fish would
be the most suitable in conservation efforts of the species.
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However, with the shift of algal communities to blue-greens in
most aquatic systems, there is need to investigate the capacity
of O. esculentus to assimilate these algae. Since the fish can
do well in small water bodies and has previously been shown
to breed and grow well in captivity, O. esculentus can be
conserved and enhanced by designating some of the satellite
lakes in which it is found as conservation areas in addition to
.stocking the species in small water bodies inclUding dams and
introdUcing it into aquacultldre. The largest size, highest relative
fecundity, and highest K were recorded in those lakes especially
in Lake Kayugi where diatoms formed the main food. It is
proposed that Lake Kayugi. Which is also protected by cultural
beliefs be designated a conservation area for O. esculentus
5.4. Genetic characterization of fish species
The introduction of non-indigenous species, and the changes
in the environment within the Lake Victoria region might have
eroded genetic diversity of the native species. Some biological
changes especially among tilapiine stocks have been
attributed to possible hybridisation between introduced and
native tilapiine species. There is need to understand the
genetic status of surviving populations of endangered species
in-order to guide efforts towards stock enhancement and
management of species transfers in general. Therefore, the
genetic status of the remnant populations of the two originally
important commercial native tilapiine species, Oreochromis
esculentus and O. variabilis and Labeo victorianus in the Lake
•Victoria region were contrasted and compared with the
introduced congeners in the Lake Victoria region in case of
tilapiine species, and, in the case of Labeo victorianus to the
congeners from the neighbouring waters outside the Lake
Victoria region. The genetic structures of the remnant
populations of the native species and the established
populations of the introduced non-indigenous congeners were
contrasted using molecular analysis.
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The Lake Victoria, L. victorianus (Ningu), showed no genetic
depletion compared to its congeners. L. victorianus
populations were highly subdivided but with relatively stable
polymorphic populations. 63.6% of the variation was found to
occur among populations compared to 34.4% within
populations. L. victorianus exhibited molecular variation equal
to or greater than that of its congeners.
Among the tilapiines, the introduced, Oreochromis niloticus,
was most ecologically viable and least subdivided.
Oreochromis leucostictus, another of the introduced
Oreochromis species, was the second to O. niloticus in
variability but had the highest gene flow amongst its
populations. The high migration rate was linked to the ability
for O. leucostictus to traverse swamps better than the other
tilapiine species in the region. The two native tilapiine species,
O. esculentus and O. variabilis, were the least variable except
in cases where the populations were coexisting with the
introduced congeners. Populations of O. esculentus from
Nabugabo lakes, (Kayanja, Kayugi and Manywa), and one from
Lake Kawi among Kyoga lakes were found to be the only extant
'pure' forms of this species in the wild. Among the O. variabilis
populations there were no discernable patterns of
differentiation by lake systems and sub-systems as in the
other Oreochromis species. O. variabilis populations were
apparently swamped by O. niloticus-like alleles, and were
found to be highly differentiated as independent units, and had
the least gene flow between sub-populations. Among the
populations of Tilapia zillii, which was originally most prevalent
and widespread at the time of introduction, was found to be
genetically highly subdivided, with high within population
genetic variation. The high within population genetic variation,
despite the high differentiation among populations, was linked
to genetic interaction with Tilapia rendalli, another of the
introduced species.
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The results showed that there has been genetic interaction
between the introduced and native tilapiine species. Genetic
swamping of the remnant native populations by the introduced
species, especially by O. niloticus over the two native species
was a major force in marginalization of the remnant native
populations. On a macro-evolutionary level, the sister
relationship between O. niloticus and O. esculentus is
. questionable and in need of further phylogenetic analysis. The
results justify a neeessity for adopting molecular markers in
monitoring changes in the fishery, as many species in the
region, including some of the introduced commercial species,
face similar predicaments. Mixing of genetically similar
species can lead to gen~tjc swamping and displacement of
one of the species by the other and should therefore be avoided
except in aquaculture.
•
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6.1. Nutrient status and thermal conditions
Information on productivity and changes in algae and
invertebrate food of"f-ishes was obtained by collecting data
on: physico-chemical conditions and nutrient dynamics of the
aquatic system; the composition, biomass and productivity
of algae and of macro 'and micro invertebrates.
Nutrients and thermal conditions are some of the major factors
that control seasonal changes in biological productivity
including fish production and distribution. Nutrient enrichment
(eutrophication) is a key environmental concern in Lake
Victoria. High nutrient inputs into the lake are responsible for
the increased phytoplankton production, proliferation of
macrophytes including water hyacinth, increased incidences
of noxious and toxic blooms of algae, lack of oxygen (hYPoxia
and anoxia) and fish kills. Data collected from both shallow
inshore waters such as Napoleon Gulf and deep offshore
stations such as Bugaia since the 1990s have been compared
to historic records of the 1930s and 1950s to 1960s.
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Total phosphorus(TP) concentrations range from 1.0!-lM to 12.0
!-1M, with an average of 2.7 !-1M, which is double the average
value recorded in the 1960s. Total nitrogen(TN) concentrations
vary from 20 !-1M to 250 !-1M, with average values increasing
from 37.1 !-1M in offshore to 106.4 !-1M in inshore. The increase
in nitrogen(N) has not matched the increase in phosphorus(P)
as indicated by the total nitrogen (TN) to total phosphorus (TP)
ratios in the range 8.0 to 42.0, average 15.7. Average
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TN:TP ratios were almost double in inshore (14.5) than
offshore (8.1) indicating that P was more excessive relative
to N in offshore than inshore. The deficit in N concentrations
have stimulated growth of N- fixing algae that fix and bring in
approximately 480 kilo tonnes ~ year of atmospheric nitrogen.
The mean silica concentrations (17.3 ± 13.6 IlM) have
decreased by a factor of 10 since the 1960s, apparently as a·
result of increased phosphorus loading.
The annual cycle of thermal stratification and mixing influences
the distribution of dissolved oxygen and nutrients. Complete
mixing of the lake occurs around June-July. This results in
almost uniform distribution of dissolved oxygen and nutrients
in the water column. Complete mixing allows oxygen-rich
surface waters to reach the bottom of the lake. At the same
time nutrients, in particular P, from the bottom return to the
surface layers and relax both nitrogen and phosphorus
deficiency. In contrast, during the stratified period (September
to April) a stable thermocline extends throughout the water
column and limits exchange and supply of nutrients from the
bottom into the surface waters resulting in a build up of
regenerated nutrients in bottom waters.
A comparison of water temperatures of the 1990s with earlier
records shows that the lake is warmer than it used to be in
the 1960s. Minimum water temperatures during the mixing
period of June-july are 0.5 °C higher. These warm waters
have led to a more stable thermal stratification that is now
more prolonged and pronounced than in the 1960s. More
stable thermal stratification makes the lake less able to mix
effectively and promotes persistently low oxygen conditions
in deep waters. Decomposing organic matter that includes
a high algal biomass consume oxygen leading to oxygen
depletion (anoxia) of deep waters when the lake is thermally
stratified. Anoxia has spread horizontally into the inshore
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shallow bays and gUlfs such as Napoleon Gulf, and vertically
into the water column to as high as 30 m to 40 m deep in
offshore waters. This anoxia has reduced the volume ofwater
that can be occupied by fish by approximately 50%. Anoxia
also affects nutrient cycling as it provides reducing conditions
conducive to release of trace metals from their oxides, and P
release from its generic hydroxides and N loss to the
atmosphere through denitrification.
Evidence from the sediments indicates that phosphorus loads
into Lake Vict'Oria begun in the 1920s and increased rapidly
after the 1960s. Phosphorus comes from the watershed
and the airshed and contributes approximately 146 Kilo tonnes
a year. Given that Lake Victoria is enriched with both
phosphorus and nitrogen, water quality deterioration will
continue unless nutrient loads, in particular P loads, are
reduced through watershed management including
management of the wetlands. Phosphorus reduction is the
most feasible way of controlling eutrophication.
At present, there is a pollution control legislation embodied in
the National Environment ManagementAuthority(NEMA) Statute(1995) that deals with water quality standards of effluents. But
there is no single polluter to prosecute or blame for non-point
pollutants into the lake and this will need new regional legislation
and collaborlltion in environmental management.
6.2. Changes in phytoplankton primary production and
species composition
Algae provide food for aquatic organisms including fish. When
in excess, algal biomass causes deterioration in water quality.
Algal blooms have been associated with fish kills in Lake
Victoria. Phytoplankton primary production was estimated
using the dissolved oxygen method while algal biomass was
esHmated as chlorophyll-a and as bic-volumes.
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Phytoplankton primary productivity in Lake Victoria is
currently in the range 8 to 50 g 02 m·2d· l , with a mean value
of 18.3 g 02 m-2 d·l that is twice higher than the values
recorded in the 1960s. However, photosynthetic efficiency
is now lower as indicated by average productivity per unit
biomass of 18.1 mg 02 mg chl· l h·1 in the 1990s compared
to 25 mg 02 mg chl·l h-l in the 1960s The higher primary
productivity throughout the year has been accompanied by
elevated algal biomass evaluated as chlorophyll-a and wet
biomass. Chlorophyll-a concentrations were in the range
3.0 to 656.0 fl9 L·1 , average 45.7 fl9 L·1 which is five times
higher than values of the 1960s The very fertile conditions
now favour dominance of blue-green algae dominated by
Cylindrospermopsis, Anabaena and Microcystis.
Unfortunately, these blue-green algae produce toxins that
can be dangerous to aquatic life and land-based animals
that use the water. Large green algae such as Pediastrum
are rare and lor absent. There has been a 1O-fold reduction
in soluble reactive silica (SRSi), which has been
accompanied by a shift in diatom dominance from
Aulacosiera (Melosira) to Nitszchia. Aulacosiera formed the
main food of the native commercially important tilapiine,
Oreochromis esculentus, and its reduction might have
affected remnant stocks of this species.
Overall, there is seasonal succession in algal species
composition with increasing dominance of N-fixing blue-green
algae during the early stratified period followed by non-fixers
later in the stratified period and during the deepest mixing
period in June-July. At both inshore and offshore, the lowest
algal biomass occurs during periods of low light conditions
around July when the lake is most deeply mixing. During this
period, light limits algal standing crops to levels below the
potential provided by the available nutrients during the mixing
period. light limitation constrains algal biomass in the offshore
compared to the shallower and more protected inshore
surface waters. As a result, phytoplankton biomasses and
productivity are always higher in the shallow regions than
offshore due to better inshore light conditions.
Changes in phytoplankton biomass and species composition
have been attributed to increases in P and N loading, changes
in fish communities and climate change in Lake Victoria. In
Lake Victoria, p' ioads are dominated by external sources that
include rainfall, dry-fall, rivers, industrial and municipal inputs.
However, in situ biological nitrogen fixation is an extremely
. important source of nitrogen as it contributes over 60 % of the
• total (N) bUdget of LakeVictoria. The undesirable algal blooms
and excess biomass in Lake Victoria will persist if increased
nutrient loads in particular P loads and conditions of anoxia
and high rates ofdenitrification continue. Management strategies
to protect water quality of the lake should, therefore, give high
priority to actions that control nutrient loads that stimulate growth
of algal blooms and other aquatic plants.Effective watershed
management should involve educational programs aimed at
sensitizing the local people as to how their activities including
intense subsistence crop farming, animal husbandry, mining
and releasing of waste products, change catchments,
atmospheric and river chemistry, which in turn impact the water
quality and aquatic biota.
Unless the loca~ population recognizes the adverse impacts
of uncontrolled soil erosion and generation of waste products,
and take action to reduce the nutrient emissions, the control
of excess algal biomass and blooms will be difficult to achieve.
Reductions of nutrient loads, in particular phosphorus into the
lake, will lead to decreases in blue-green algae biomass in
inshore areas and, the biomass of heterocystous N2-fixers
including toxic species such as Cyclindrospermopsis and
Anabaena. This should alleviate some of the negative
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consequences of high algal biomass such as excess oxygen
demand and nutrient-and light-limited algal growth. Reductions
in algal biomass will improve the light environment which will
lead to improved algal productivity and ecological efficiency in
the transfer of energy to higher levels in the food-web and
sustaining high levels of fish production in Lake Victoria.
6.3. The status and significance of invertebrate communities
Aquatic invertebrates are small water-dwelling animals lacking
a backbone. Some are visible to the naked eye (i.e. macro-
invertebrates) while others are microscopic (i.e. zooplankton)
and only seen with aid of a microscope. Most macro-
invertebrates live in or on bottom sediments of water bodies
while others are associated with roots and other parts of aquatic
plants. Zooplankton live suspended in the water column and
because they exhibit only feeble movements of their own, they
are constantly carried along by water movements.
In.vertebrates are important as grazers on phytoplankton and
detritus and as food of fishes. In the temperate region, the
annual 'clear water' phase during spring is associated with
intense grazing on algae by zooplankton. In the tropical region,
however, the grazing impact by zooplankton is generally not
easily discernible. In Lake Victoria for example, an
experimental study on nutrients and grazing has shown
minimal grazing impact by zooplankton on the phytoplankton.
All young (larvae) fish utilise invertebrates as the first external
food, and the commercially important fish such as Mukene
(Rastrineobola argentea) depend entirely on zooplankton
throughout their life. Juveniles and sub-adults of the Nile perch
feed on macro-invertebrates especially the freshwater prawn,
Caridina nilotica. The latter has increased in abundance in
Lake Victoria over the last two decades probably in response
to increase in its detrital food material alongside increasing
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primary production. The current, changed fish community that
lacks most of the phytophagous haplochromine species does
not graze a large proportion of the primary production. Residual
phytoplankton crop therefore ends up as detritus acc;:umulating
at the lake bottom from Where it is ingested by C. nilotica and
returned to the food web. This makes Caridina an important
driver of material flows into the fish food chain. Therefore,
the detritus food chain has since the 1980s become
increasingly important in Lake Victoria food web, as the
commercially important Nile perch has taken on Caridina
nilotica as the key forage item.
Invertebrates are al~o important as indicators of water quality.
Changes in the composition, abundance and size structure
of zooplankton and macro-invertebrate communities of Lake
Victoria are correlated with predation impacts by pelagic fish
communities but also with grazing, increasing eutrophication
and pollution. Species composition, size structure, distribution
and relative abundance of invertebrates have been examined
since 1990 and compared with historical data collected
between 1930s and 1960s.
Field surveys have shown that invertebrates are widely
distributed in the lake with the exception of rotifers, which are
more common and abundant in nearshore areas. Copepods,
their larval phase (nauplii) and dipteran larvae dominate the
invertebrate t:ommunities. Since the 1930s, changes have
OCcurred in zooplankton communities resulting into an increase
in the proportion of cyclopoids by a factor of 5 and a decline in
calanoids and cladocerans by a factor of at least 10.
Zooplankton areal densities increase from nearshore-offshore
with >4 million indiv. m-2 recorded offshore compared to
< 100,000 indiv. m-2 inshore. Seasonal vari.ation of abundance
is indicated by attainment of maximum zooplankton density in
MaY-August, which coincides with the annual mixing period
41
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Information to guide control of pollution and degradation of the
fish nabitats was generated by: determining the extent to which
the aquatic systems' -are buffered from external in puts of
contaminants; the distribution, impacts, and control of water
hyacinth and the imp!3cts of control measures. The work of
FIRRI in this area has been limited because of expectations
that most pollution research.and monitoring would be carried
out by the Directorate of Water Development (DWD) and other
collaborators including the Institute of Environment and Natural
Resources of Makerere University (MUIENR) and Wetlands
Inspection Division. Interventions in this area by other
agencies,relate to industrial and municipal waste management,
land use management and catchment afforestation
he wetlands around Lake Victoria are an integral component
of the lake's ecology. The lakeshore wetlands act as buffer
zones against pollution, and provide critical habitats for biotic
communities especially young fish such as the commercially
important tilapia. Th~ deteriorating water quality in Lake Victoria
and the related negative impacts on biotic communities are
partly due to a degradation of the lake's wetland buffers. An
assessment of the wetlands, and their values in water quality
maintenance was undertaken through field surveys of
wetlands of northern shores of Lake Victoria and the available
literature was reviewed to document the importance attached
to the wetlands to the lake's ecosystem.
7.1. The role of wetlands and riparian zones as buffers
and critical habitats for biotic communities
of the lake. Size structure of zooplankton indicates
suppression of large-bodied zooplankters such as the
calanoid copepods around nearshore areas where high fish
densities occur. The population of the prawn, Caridina nilotica
appears to have increased over the last four decades due to
the eutrophication of the lake and changes in the fish fauna.
Average net production of C. nilotica is estimated at 11.4mgC
m2 g'1 and is an order of magnitude greater than the fishery
yield, making the prawns quantitatively significant as a forage
item for fishes especially the Nile perch.
Long-term changes in relative abundance of key fish food
items such as calanoid and cyclopoid copepods, Cladocera,
rotifers and C. nilotica and the occurrence of low-oxygen
tolerant invertebrate forms are an indication of deterioration
of the water quality and changes in food web dynamics.
Increased relative abundance of forage items such as
cyclopoid copepods and C. nilotica are ecologically important
in sustaining populations of commercially important fish
species, especially Lates niloticus and Rastrineobola argentea.
The increase in the Caridina prawn abundance and its role in
recycling decomposing organic matter that settle at the bottom
illustrate the importance of the microbial loop in energy flows
and food web dynamics within the lake. Therefore, Caridina
and natural communities of other key invertebrate forage items
for fish need to be protected from commercial exploitation
and regularly monitored to ensure favourable environment
conditions for their development and sustainability of the
fisheries.
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FIRRI pro'vided information to guide control of water hyacinth
by: determining the impact of the weed; monitoring the
distribution, biomass and movement of the weed; identifying
growth 'hot spots' and the factors that promote growth and
distribution; studying the growth dynamics of the weed; and
determining the impacts of control measures in addition to
biological, environmental and socio-economic impacts of the
weed. . .
Water hyacinth covered 80% (2,200 hal of the shoreline of
the Ugandan portion of Lake Victoria by 1995 and mobile
masses covered about 1,800 ha by 1998. Overall, water
hyacinth cover over Lake Victoria at the climax of the infestation
in 1998 was estimated at 12,000 ha (4,000 ha in Uganda,
2,000 ha in Tanzania, and 6,000 ha in Kenya).
In Lake Victoria, quantities of mobile water hyacinth in
Murchison Bay, (the main water hyacinth production area in
Uganda) was reduced from 877 ha to 2 ha in 1999. Although
the biomass in Murchison Bay again increased to 10 ha during
resurgence of the weed in 2001, there was no further increase
in weed biomass by March 2002. The hydropower station at
Jinja, water abstraction points and major landing sites
remained virtually free of water hyacinth since the major
reduction of the weed in 1998. The only areas which remained
with significant quantities of water hyacinth on Lake Victoria
by March 2002 were Bunjako and Lwera bays, which are
associated with River Katonga. The control efforts were,
however not very effective in controlling water hyacinth on
rivers including the Upper Victoria Nile and River Kagera.
There are also other areas of potential resurgence along the
water bodies. Many areas affected by the weed have stunted
resting forms of hyacinth along wetland fringes. Such plants
can transform into luxurious growth forms when conditions
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(nutrients) become ideal and these need to be monitored
and appropriate control measures put in place. The main
areas needing major attention in control of hyacinth are
Murchison Bay and the riverine environments inclUding
mouths of rivers.
Water hyacinth thrives best in the shallow bays such as
__ Murchison bay that receive nutrient-rich effluents from rural
and urban watessheds. Consequently, prerequisites for
sustainable control include reduction of nutrient loads into the
lakes. Therefore, efforts are required to control nutrient
enrichment through management of farming malpractices,
animal husbandry, mining .and releasing of waste products
-that change the atmospheric and river chemistry, which in
turn, impact water quality and aquatic biota including water
hyacinth. Murchison bay is a zone of continuous water hyacinth
proliferation and also an export zone to other areas. Therefore,
water quality deterioration in this bay should be reversed
through more efficient management of incoming municipal
and industrial waste.
Rivers are major sources of nutrient inputs into the lakes
especially Victoria and this is partly the reason why it has
been difficult to control hyacinth along the rivers. There is
need to quantify nutrient loads and discharges alon9-.Rivers
Kagera, Katonga and the Nile to guide predictions in water
hyacinth dynarllics in these areas.
Hydrological conditions especially wind determine the
movement of water hyacinth and nutrient availability to the
weed. It is therefore important to understand the relationship
between hydrological cycles and water hyacinth abundance
and distribution. This information would help predict water
hyacinth movement and periods of maximum abundance for
timely and effective control interventions.
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Information on fish quality and safety has so far been
generated bY: determining the causes and points of
contamination along the production chain; developing
mechanisms for improving fish handling and processing;
assessing the le'vel of contaminants in the lake and fish tissue.
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8.1. Critical points ofmricrobiologicaIcontaminartion offish
along the production, processing and marketing chain
Fish exports, mainly of Nile perch, have become a major
source of foreign exchange earnings and have been second
only to coffee in export earnings for Uganda since 1996. Fish
exports, mainly to the European Union, increased from US $
5 million in 1991 to US$ 80 million in 2000. Since then, quality
assurance and safety of fish and fishery products has been a
major concern. Between 1996 and 1998 the EU imposed
several bans on export of chilled fish products from Lake
Victoria due to fish quality concerns, and required EastAfrican
Countries to put in place measures to prevent contamination
of fish and fishery products to safeguard the EU consumers.
Fish spoilag~ and contamination have been attributed to poor
handling practices and facilities.
The level of microbiological contamination on contact surfaces
along the production chain from capture to exit port at Entebbe
International airport was determined during 1997/98 to identify
potential sources and poinLs where contamination occurred
so as to suggest mitigation measures. The inside surfaces
of fishing and fish transport boats, platforms and sand
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The collapse and sinking of large masses of water hyacinth
resulted into accumulation of water hyacinth debris in those
bays and near shore areas where large mats had settled.
This has impacted biotic communities, the environment and
socio-economic activities. The negative impacts of sunken
debris however decrease as hyacinth decomposes and
breaks down. Efforts should be made to use methods whereby
hyacinth is completely removed from the lake as such
methods also remove nutrients/pollutants from the lake.
Debris from dead water hyacinth is affecting fishery activities,
water transport, beach environment, water quality, and the
health of lakeshore communities.
There is need to create more awareness of the socio-economic
impacts of the weed among communities and institutions.
Institutions responsible for control as well as for alleviating
impacts should also be made aware of the impacts of the
resurgent and proliferating weed. Socio-economic monitoring
of community and institutional knOWledge, weed impacts, level
of preparedness and control impacts should be carried out
on a regular basis.
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truck, ice whilst at plant and filleting tables was probably due
to the change in temperature from ambient (26-30°C) to
temperature of melting ice (O°C). A change in temperature
would inactivate most of the mesophile bacteria and the few
that remain would be the surviving pschrotrophs, which are
incapable of causing spoilage at high ambient temperatures
buJ still important spoilers during storage under chill conditions.
The recegtion points.of most processing plants that were using
1m3 tubs to wash in-coming raw materials, had loads exceeding
107 cfu ml-1 in the wash water at ambient temperatures. This
was due to accumulation of microbes as result of washing as
many as 1000 fish with an initial load of 105 cfu cm-2, and for a
retention period of 20 minutes. However, at low temperature of
the water (2 AOC), the load on the surface of the fish decreased
to 102 cfu cm-2. This suggested that tub size, contact time and
temperature influenced the microbial load. On average,
workers' hands had 105 cfu cm-2TPC and 102 cfu cm-2coliform,
probably as a result of exposure to high microbial loads in
processing operations. TPC on workers' hands were similar in
all processing plants signifying uniformity of processes.
However, coliform counts varied widely indicating the different
supervisory regimes available sanitary facilities and plant layout.
Relaxed supervisory regimes, inadequate number of
supervisors, unsanitary / lack of appropriate facilities and a poor
layouts are usually a recipe for microbiological cross-
contamination. Alth9ugh tables, fillet trays and taps within the
processing plants had microbial load within acceptable limits
of 105 TPC the filleting, skinning trimming and packaging
operations increased the risk of cross-contamination from
workers' hands.
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The manner in which workers handled ice was another
possible source of contamination. Within the processing
plants, ice was hygienically acceptable with TPC levels of
103 cfu ml-1 and coliforms below 102.5cfu ml'1, upon reaching
surfaces at landing beaches, floors of transport vehicles, tables
and packaging materials in processing plants, floors of
refrigerated trucks and undercarriage containers at the airport
were also swabbed. In addition, water at fishing grounds and at
the landing beaches, ice in transport vehicles, tap water at plant
reception and batch washing tubs were sampled. The surface
of the fish was also swabbed. The samples were analyzed to
determine the total number of bacteria in 25 g of fish sample
(total plate count TPC) and coliform counts using standard
microbiological methods. The colony forming units (cfu) per
area or volume were determined.
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The load at fishing grounds was quite low and therefore
negligible (101 cfu ml-1 coliforms and 102.5 cfu ml-1 TPC).
Microbial load increased on the surface of a wooden fishing
boat to 105.5 cfu cm2 coliforms and 108 cfu cm2 TPC. The
TPC loads were much higher (109 cfu cm-2) on wooden
platforms where the catch was offloaded. In both cases, the
increases were attributed to the porous surface of the
wooden boats, which provided crevices ideal for microbial
proliferation. In addition, the influence of personal hygiene of
fishers, insufficient cleaning and disinfections due to irregular
painting and washing of contact surfaces albeit with lake
water also contributed to the increase in the microbial load.
The microbial load in the inshore waters varied between 104
cfu ml·1 and 106 cfu ml-1 (TPC) depending on the landing
beaches. For instance, the Kasensero shoreline water had
a much higher load of 109 cfu ml-1 (TPC) and 106 cfu ml- 1
coliform due to inadequate sanitary facilities. There was a
substantial decre'8se in the microbia/load as the fish left the
landing site. For example, the trucks taking fish to plants
had 10 6.5 cfu cm· j and coliforms of 104 cfu cm- 1, "table
surfaces in plants had 104.6 TPC and 102.5 coliforms and
trucks to the airport were 104.2TPC and 102.0 coliforms. The
gradual decrease in the load observed on floor of insulated
k.es
Union(EU). First and foremost Fish Quality Assurance Rules
were developed and operationalized. Specific fish landings
were gazetted and sanitation and hygiene improvement plans
drawn. Wooden platforms were replaced with either stainless
steel or aluminium sheeting. Personnel handling fish at beaches
were given uniforms for ease of identification. There has been
regular training of fish handlers including fishers by extension
Quality Assurance staff. Only certified trucks are allowed to
ferry fish from landing sites to plants and from plants to the
airport or seaport. There is rigorous validation exercise for
microbial cOAt-amination. Washing of fish in batches was
discontinued. Each plant has an approved quality management
system HazardAnalysis Critical Control Point (HACCP) system
to ensure that potential hazards are either eliminated or
controlled. Qualified fish inspectors are stationed at each plant
to ensure compliance to HACCP. The Handling Agency at the
airport provided a separate cold room and specialized
containers for fish exports through the airport.
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8.2. Potential risks of contaminants with specific reference
to mercury
Methlylmercury(MeHg) is a serious neurotoxic chemical which
can bio-accumulate in aquatic biota and into the food web
and affect the human consumer of fish. Total mercury (THg)
cycling and the food web structure were investigated in Lake
Victoria by lJ1easuring mercury (Hg) concentrations in water,
fish, sediment, soil and humans in some areas of the lake.
Mercury (Hg) concentrations were measured for the food-
webs and water of Napoleon Gulf (Uganda) and Winam Gulf
(Kenya). The food web structures were characterized using
stable nitrogen and carbon isotope analysis. Data were
compiled from published an 1 unpublished studies in Tanzania,
Uganda and Kenya.
The remedial measures required to reduce the contamination
included: Regularwashing of the fishing boat using water from
fishing ground; Discouragement of the use of contact surfaces
that is likely to harbour bacteria e.g. wooden platforms;
Improvement of sanitary and hygienic facilities at landing sit.es;
Desisting from batch washing offish at plant reception points;
Provision of specific undercarriage containers at the arport
for handling fish to avoid cross-contamination; Improvement
and supervision of personal hygiene of fishers; and, Drawing
of a sensitization program for all fish handlers to enlighten
them on acceptable codes of practice for handling fish and
personal hygiene.
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A lot has been achieved since the above observations were
made which led to lifting of the fish export ban to the European
Some of the undercarriage containers at the exit port- Entebbe
registered a microbial load of 104 cfu cm·2 and 103 cfu cm-2 for
TPC and coliform counts respectively and this formed another
potential source of contamination. It was noted that the
container handled assortment of goods without due diligence.
As such. it posed a risk of cross-contamination to
inappropriately packaged or mishandled and exposed fishery
products during loading aboard a carrier or plane.
landing sites, the contamination had almost doubled to 106
cfu ml-1 for TPC and 10 45 cfu ml-1 coliforms The increase
was attributed to the poor practices of plant workers who co-
opted untrained fish handlers at landing sites to load fish onto
insulated trucks or doling out ice to their respective fishermen
or agents. The co-opted workers would tread on ice with
unsanitized gumboots, which had previously passed through
inshore waters with high microbial loads. Workers were also
a likely sources of the contamination on the packaging material
in processing plants where the coliform counts exceeded the
acceptable limits.
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Abiotic analysis indicated that atmospheric sources and
erosion were potentially important sources of total mercury
to the lake with biomass burnings very likely being a major
source of (THg) to the lake. Water total mercury (THg)
concentrations in Lake Victoria were 1.7 to 5.8 ng/L, while
methylmercury(MeHg) concentrations were 0.2 - 1 ng/L.
Water Hg concentrations in Lake Victoria were higher than in
temperate great lakes, including lakes Baikal, Michigan and
Ontario. However, Lake Victoria's top predator, the Nile perch
had relatively low (THg) concentrations compared to temperate
piscivorous fish. Although the water Hg concentrations were
similar between Napoleon and Winam Gulfs, the (THg)
concentrations in biota were significantly higher in Napoleon
Gulf than in the same species from Winam Gulf. (THg)
concentrations in Nile perch and Nile tilapia increased with
total length of fish in both gulfs. The rates of (THg)
bioaccumulation were within the ranges of bioaccumulation
rates observed in temperate and tropical lakes.
Total mercury (THg) concentrations in fish were below WHO
concentrations of200ng/g and international marketing limits of
500ng/g and therefore do not threaten the fish export industry
from EastAfrica to the European Union or elsewhere. However,
Nile perch above 3 to 10kg had (THg) concentrations above
WHO concentrations (200 ng/g) for at-risk groups such as
pregnant mothers. Nile perch above 20 kg occasionally
exceeded marketing limits (500 ng/g). The higher (THg)
concentrations in large Nile perch are not of major concern
because these large fish are becoming increasingly rare in fish
catches and are not supposed to be harvested and processed.
Sediment and soil (THg) concentrations were within
international guidelines and are cornoarable to those in northern
latitudes. However, soil (THg) concentrations are lower than
those in
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the Amazon basin. (THg) concentrations in urine and hair
from human volunteers indicated that while gold miners and
frequent skin-bleaching cream users are at risk of inorganic
mercury poisoning, the rest of the popUlation, including
fishermen, had safe concentrations of (THg) in their body.
The use of beauty creams containing high inorganic (Hg)
concentrations exceeded the limits, and is borne out by high
(THg) content in the hair sampled from regular users.
The nutritional benefits of fish may outweigh the risk of (THg)
poisoning, but because of the added importance of fish as a
natur.al (THg) source to humans, regular monitoring and risk
~3ssessments should be-carried out in the Lake Victoria basin.
It is important to ensure that the changing nature of Lake
Victoria and the burgeoning population density do not lead to
increases in (THg), thereby putting the health of the people
living in the catchment at risk. The overall (THg) concentrations
in fish, water, lake sediment and surface soils are below
international limits and no remediation or advisory action are
needed at the moment. However, the water (THg)
concentrations are above those for temperate Great Lakes,
while sediment (THg) concentrations are similar to those in
north American Great Lakes (Lake Superior and Erie). This
is a cause for concern, because the relatively high (THg)
concentrations in the lake can be methylated and become
more bio-available to the biota of the lake. At the moment, it is
unknown why ttsh (THg) concentrations are so low, so it is
important to determine the factors responsible for the low
levels in order to prevent increased methylation of (Hg).
Furthermore, the rapidly increasing population density,
accelerating pressure on the land leading to erosion into the
lake and the increasing u~; of petrol, skin lightening creams,
agricultural chemicals and other environmental contaminants
may increase the (THg) loading to the lake. While human risk
remains low (with the exception of certain groups), there is
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no room for complacency. The potential for rapidly elevating
risk to (THg) exposure from fish, soil and water means that
there is need for environmental monitoring and education in
order to maintain the acceptably low human risk around Lake
Victoria.
'.
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Chapter Nine
Fisheries Socio-economics,
Management, Policy and Legal
Framework, Health and
Nutritional issues
Information on socia-economics, management, policy, legal
and institutional framework in the fisheries sector was obtained
by analysis of: socioeconomic aspects and structures in
fisherfoJk communities includigg; the status of the fisheries
policy, legal and institutional framework; the fisheries
management system in relation to the potential for co-
management; the impact of export of chilled Nile perch fillets;
the nutritional status of lakeside communities; and the health
status regarding the epidemiology of diseases such as
Bilharzia (Schistosomiasis) within fishing communities.
9.1. The Socio-economic characteristics and cultural
structure offisherfolk communities
Fishing communities are the main interest groups in the
fisheries of Lake Victoria. There has been expansion in fishing
communities, increased diversity in the ethnic composition
and changes in gender roles. As a result of these changes,
the fisheries have expetienced the entry of new comers, that
has led to excessive effort on the lake. Review of studies on
Lake Victoria was used to characterize fisherfolk communities
of Lake Victoria, Uganda. Socia-demographics of the fishing
communities, the economic and socia-cultural aspects of the
fishing activities and the level of organization were examined
to help understand the social structure and composition,
activities and organization of fisherfolk communities.
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The Constitution of Uganda provides for the state to protect
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9.2 The status of legal framework for management of
the fisheries
The legal framework is a major component of a fisheries
management regime. Assessment of its status and
recommendations for its improvement would improve
management in fisheries. A historical perspective of the
fisheries of Lake Victoria, Uganda, suggests that the fisheries
management regime has not been very effective. As a result,
Lake Victoria has undergone considerable fisheries resource
depletion due to the wid~-spread use of illegal gears and
methods, excessive fishing effort and poor environmental
practices. There is concern that the legal framework has not
supported successful management of the fisheries The Fish
Act Cap 228, 1965 has been reviewed, together with its
Amendments and the supplementary legislation of relevance
to fisheries management. The laws were evaluated for their
adequacy and relevance. Weaknesses in the laws and in their
implementation were identified. Recent developments aimed
at strengthening fisheries legislation were also reviewed.
has gained acceptance in recent times. Fishers' diversity is
not a threat but their activities that degrade the environment
and deplete the fisheries resources should be discouraged
throl.Jgh rna_?s awareness using government programs and
other service providers, educational and socio-economic
programs. The level 'of organization of fisherfolks is a great
opportunity for good governance and should be strengthened
and supported by proper po!icy on management of shared
resources. The government cif Uganda has a good policy on
decentralization of power to local people'but it does not provide
clear-cut guidelines on how to manage resources that are
shared. Co-management efforts should therefore be
encouraged.
Males (98 %) dominate in the fisheries on Lake Victoria (Uganda)
with a wide range ofethnic tribes: Baganda (47%), Samia (14%),
Basoga (9%), Alur, Iteso Bakenye, Bagwere Adhola, Banyankole,
Nyarwanda and Bagisu respectively. Others are the Jaluo and
Banyala from Kenya. The fishing community has steadily
increased from 10,572 fishers in 1970 to 34,889 by 2000.
These include fishing unit owners, boat renters and crew
members. The number of canoes has similarly increased
(estimated at about 19,300 by 2002) with about 82 % canoes
propelled using paddles and only 13 % powered by outboard
engines while the rest use sails for propulsion Women are
largely involved in traditional fish processing and food service
business while men do fishing and trade.
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There is low purchasing power among fish consumers due
to widespread p'bverty making them unable to afford the large
mature fish. Domestic demand for fish has, therefore, become
characterized by the high consumption of mainly the juveniles
of Nile perch and tilapia, in addition to the mukene. Fish
handling is still poor with much of the fish caught transported
in open boats with no box containers ice, nor baskets (Busero)
and is sold to local traders. Infrastructure at most landing
sites is still inadequate. There exists a level of organization
among the fisherfolk communities at beaches based on the
LC system of administration, the traditional 'Gabunga' and
Landing Management Committees. There are also CBOs/
NGOs working to co-ordinate and represent the interests of
the communities like UFFCA and UFDU.
There have been major changes in the fisheries of Lake
Victoria that have influenced developments in social, economic
and cultural set up of fisherfolk communities. Understanding
these changes and developments is a prerequisite to forging
better management plans given that involvement of
communities in management of the resource
I[!
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the natural resources on behalf of the people of Uganda.
The Fish Act, 1965 is the main law for management of fisheries
in Uganda including those of Lake Victoria. Supplementary
legislation was provided in other laws especially the National
Environment Statute, 1995; The Wildlife Statute, 1996; The
Water Statute, 1995; The Local Governments Act, 1997; The
Vessels (Registration) Act, 1964; The Inland Water Transport
(Control) Act Cap 348, 1964; The Investment Code Statute,
1991. The East African Community Treaty, The Lake Victiria
Fisheries Organisation(LVFO) Convention of 1994 and the
Agreement establishing the Kagera Basin Organization of 1997
provided for the regional aspects of the law.
The laws governing fisheries management were dispersed
in many different pieces of legislation thus requiring co-
ordination. It was also observed that some of these laws were
outdated and needed review as they were also insufficient in
many respects. For example, punishments stipulated were
not prohibitive enough to deter offenders. Implementation of
the laws by the Department of Fisheries Resources was
generally unsuccessful. As a result, there has been resource
degradation, exhibited by declining catches, use of illegal gears
and methods and an increasing proportion of immature fish
in the catches. The main recommendations have been that
the Fish Act should be revised, up-dated and should bring
together the provisions of the Amendments and Statutory
Instruments. The law should regulate effort by addressing the
issue of open access. It should provide for the participation of
the resource users in fisheries management.
9.3. The Potential for co-management in the fisheries of
Lake Victoria
Co-management is being considered as the future strategy
for strengthening fisheries management Lake Victoria
fisheries have undergone considerable resource degradation.
60
The fish stocks have declined. The Nile perch and other
important commercial fisheries are showing signs of being
over-fished including reduction in age/length at maturity; high
mortality especially caused by increasing fishing pressure;
reduction in catch per unit effort; reduction in mesh size of
nets used and an increase in proportion of immature fish in
. the catches. There has been concern that the state-based
management reg'ime wa:s not very effective. This is
manifested by the widespread use of jllegal gears and methods
and excessive effort. Review of the resource problems in the
fisheries of Lake Victoria ana their causes was undertaken.
The succe..ss of the management regifne was evaluated. The
concept of co-management was suggested as an alternative
management strategy and the process of establishing it on
the lake proposed. The analysis draws upon different
biological, stock assessment and socio-economics studies
undertaken on the Lake.
The causes of fisheries resource degradation include
affluence among fishers and industrial processors, poverty,
open access, inappropriate technology used by fisherfolk and
environmental degradation. The state-based management
failures are attributed to poor staffing, lack of equipment and
funding; corruption among staff and non-involvement of fishing
communities in fisheries management. The advantage of co-
management is its cos~effectiveness and the power it
provides to the resource-users in deciding the wise-use of
the resource. There is legal provision within the Local
Governments Act, 1997 for ordinances and community by-
laws to manage resources. Communities already have some
local institutions whose main roles are in mobilizing members
for community activities.: enforcing fishery regulations;
resolving conflicts and enforcing by-laws. However, their
success is affected by poor leadership, lack of resources and
inadequate Government legal support.
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Communities on Lake Victoria have shown willingness to
participate in: management. EXisting local institutions provide
a basis for their participation. Co-management is already
provided for in the draft National Fisheries Policy but should
be' given legal backing through provisions within the legal
framework. Establishment of Beach Management Units
(BMUs) for co-management should be based on the existing
focal institutions. Appropriate guidelines for them should be
developed in a participatory manner. A three-level management
structure should be established, ranging from the beach to
district to national and regional levels.
9.4. Socio-economic implications of fish trade and exports
in Uganda
Fish is now Uganda's most important non-traditional export
with annual volume of at least 55,000 tonnes and estimated
earnings of US $ 80-100 million, The global trade driven by
market forces is intensifying and shifting to small-scale
fisheries (Ngege and mukene) that are a major source of
animal protein for the local people. Fish processing for exports
has increased in importance, being stimulated by the growing
international market to Europe and other developed
economies, and, it is feared that this is creating a deficit in
domestic fish requirements. Using survey and key informant
questionnaires, fish production and distribution levels as well
as problems faced by the small scale fish traders as they try
to compete with the large firms were identified. The
implications of the growth in fish trade and market systems
were examined using data collected from fish factories and
fishers at beaches on Lake Victoria.
The increase in fish exports in the last decade has been
influenced by the boom in Nile perr.h fishery and international
fish demand, which resulted in a seven-fold increase in real
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prices (i.e from Ug. Shs 300 in 1990 to Ug. Sh, 2000 in 2002
per kilogram of Nile perch) and stimulation of investments in
industrial fish processing (from 3 factories to 11 fish factories)
for export, and boosted domestic fish market trade (enhanced
by the emergence of middlemen in the distribution chain),
Many fishers have benefited from the boom in terms of
employment, income, and living standards but some other
fishers (crews, baria) , traditional fish processors and poor
fisher-folks have lostout. Deprived of work and unable to afford
th'e higher priced (and less preferred) catch, some local people
face a serious economic threat. Although most fishers felt
contented vvith the fish market arrangement, the fact that
fisl1.ers lack any serious or§anization leaves them vulnerable
to middlemen and fish traders who exploit them by giving low
prices because they are more organized. Conversely, the
rapid growth in fish exports has remarkably enhanced fishing
effort and competition, which are a threat to sustainability of
the fishery resources.
While the international demand for fish has maintained a steady
increase triggering investments in industrial fish processing and
fishing enterprises, the local demand for fish remains stable
among the fisher-folk communities. However, with the continual
steady growth in the fish export industry and increase in
industriai fish processing capacity, the local demand will most
likely suffer as prices hike and the threats to the fisheries
resource increase vAth the unchecked increasing effort and
use of illegal and unconventional fishing methods, which are
already rampant on the lake. To ensure sustainability of fish
harvest for both domestic and economic benefits, government
should come up with proper fish harvest policies based on
available resources. There should be attempts to encourage
co-management arrangements that include fishers,
Government (as well as wider co-operation between the three
countries sharing the lake) and, due to its significance in this
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context, the private sector in the form of the industrial fish
processors would promote sustainable management of the
fisheries resource. This would go a long way in solving the
equity concern to ensure that women, traditional fish
processors, fishers/crews and poor fisherfolk communities
are helped financially, intellectually and probably by promoting
diversification into other economic activities. In spite of some
partial economic optimism by fishers, the worries of many
fishers about their catches becoming sporadic and fish
smaller should be taken seriously. The day-to-day operational
reality ofthe artisanal fishing community should form the basis
for a precautionary approach where science-based
construction of reality is scanty.
9.5. The nutritional status offishing communities
Fish has traditionally been the most affordable form of protein
for local people. Therefore, there is concern that the increase
in fish exports might cause malnutrition. In a study to establish
the feeding habits of fishing communities, a structured
questionnaire was administered to 11l0thers of children
between six and 59 months. A 24-hour dietary recall of foods
eaten by mothers and their children at both lakeside and
hinterland sites were also recorded. Anthropol1letric data:
(height, weight and age) of children between six and 59 months
and of their mothers were recorded. PRA was carried out to
back up the quantitative data from the questionnaire.
Generally (95%) of the mothers were well nourished. Mothers
at hinterland sites were only marginally less nourished (94%)
compared to lakeside mothers (97.0%). A relatively high
proportion (45%) of hinterland children were stunted with height
for age below normal reference standards of WHO, 7% were
wasted and 23% underweight. The frequency of food
consumption was less at hinterland sites than lakeside sites.
Nile perch was less consumed as compared to Nile Tilapia.
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Mukene was mainly eaten at hinterland sites. Qualitative data
revealed that health services were inadequate within lakeside
communities.
There is need to strengthen health services and educate
mothers on proper feeding habits and hygiene of their children.
Export of tilapia should be discouraged since it is the most
locally consumed fish species. The current National Fisheries
Policy does not-prohibit tilapia exports but encourages l1larket
share value without compromising domestic food security.
The constitution of th.e Republic of Uganda includes a policy
on food and nutrition in the national objectives and principles
of State policy. Therefore, the~e is need to strengthen nutrition
interventions in the major forms of malnutrition such as protein
energy malnutrition and Vitamin A deficiency
9.6. Epidemiology of Bilharzia (Schistosomiasis) among
fishing communities
There are a number of diseases that affect fisher
communities. However, Bilharzia (Schistosomiasis) is one
of the occupational health diseases which affect fishers by
virtue of their contact with water while fishing. Prevalence of
Schistosomiasis was investigated among fishers to find out
the extent to which the fishers were infected 235 adult
respondents were randomly selected from 17 fish landing
sites of northern shores of Lake Victoria over a four-month
period between O~ober 2000 and January 2001. A
questionnaire was administered for symptoms of bilharzia and
samples of stool, urine and blood were taken from the
respondents. Stool and urine were analysed for schistosome
eggs and blood Blood was analyzed for increased eosinophils.
Snail samples were collected from various depths along the
shoreline of the study sites identified and screened for
schistosome cercariae.
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Chapter Ten
Stakeholder Views and
Recommendations
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10.2. Biodiversity conservation and enhancement:
Stakeholders recommended that there should be deliberate
efforts and policy to protect endangered fish species including
those used in the ornamental fish trade from becoming extinct.
10.1. Fisheries management:
It was suggested that all fishers should be registered and given
identification cards to reduce migration from one site to
another, a factor leading to theft cases. Inappropriate fishing
practices should be eliminated, and, only non-destructive
selective fishing gears and methods should be allowed in the
fishery, Research to improve the performance of eXisting
fishing gears Cjnd developing new ones to increase their
efficiency was recommended. Breeding and nursery grounds,
and those critical areas for fish survival should be mapped
and gazetted. A regional mechanism to control fishing effort
should be established.
-.
Most of the pap~rs from which these Technical Guidelines
are extracted were presented at a workshop of stakeholders
of the Ugandan.portion of the Victoria Lake Basin held at FIRRI,
Jinja from 5th to 7th September 2001. During the workshop,
• there were group discussions in which stakeholders' views
and recommendations were made regarding the implications
of the presentations. Some of the key stakeholder
recommendations in the different thematic areas are outlined
below.
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50% of 235 respondents had persistent abdominal
complaints. 25% had schistosome eggs in stool. There were
no schistosome eggs in the urine. 50% showed an increased
Eosinophil count. The overall prevalence was 50%, which is
higher than the acceptable (18% prevalence) level. It is clear
that schistosomiasis is rampant among fisher communities.-
Unfortunately all the people who were infected were not aware
of the disease. There is need for fisher-communities to have
regUlar examination and where infected to have treatment.
There is need for fishers to wear boots to prevent infection
and to sensitize them on general sanitation requirements
especially at fish landings.
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It was also important for non-fish biota in and around the lake
(e.g. birds, reptiles, mammals and amphibians) to be
determined and recommendations for their conservation made.
10.3. Prevention of pollution and degradation of the fish
habitat:
It was recommended that fishers should plant trees around
the lake so as to help conserve it. Disposal of rubbish
especially polythene bags into the lake should be avoided.
Rearing animals by the lakeshore, bathing in the lake and
washing around the lake should be stopped. Researchers
should work with other agencies to develop and promote eco-
friendly and cheap waste handling facilities for use at fish
landing sites. There should be a massive effort to sensitize
the fishing communities and other key stakeholders in
participatory approaches to management of the lake's
environment. Capacity building should be developed for lake
environmental management. Environmental education should
start right from childhood throughout life including household
levels The local authorities at district, sub-county and village
levels should take the lead in basic lake environment
management practices and basic sanitary conditions.
10.4. Fish quality and safety:
The stakeholders requested government to assist in improving
structures at fish landing sites.
10.5. Co-Management:
It was recommended that beach management units (BMUs)
should be developed and given legal status.
10.6. Fisheries socio-economics:
It was recommended that Government should give priority to
marketing by developing marketing strategies for fish and fish
products. Fishers also requested to be provided with credit
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facilities to acquire inputs at affordable costs.
10.7. Fisheries policies, laws and regulations:
It was recommended that there was need to examine the effect
of new policies such as decentralisation and privatisation on
the flow of information and management of fish stocks of shared
water bodies. The workshop also recommended that all
staKeholders (local communities, local and central
governments) should'ensure that the laws and regulations
which are already in place are enforced. There is need to have
specific regulations for different water bodies especially where
the target species hav~ different population structures and where
eve~ the same species may have different characteristics.
10.8. Technology generation and dissemination:
It was recommended that research should be participatory and
should involve stakeholders. Research should develop data
collection methods that are cost effective and community
friendly. The local authorities should assist in data collection
and should be trained and facilitated to help in the process.
The information generated through research should be
translated into local languages and research results packaged
in a manner that addresses stakeholder needs. Researchers
should use different appropriate media to ensure that research
information reaches fisherfolk. Where practicable, some of
the research discussions or workshops should be held at
landing sites in or~r to give a more practical perspective of
the issues and to allow for broader participation. Science jargon
should be avoided in stakeholder workshops considering the
education levels of stakeholders. It was also recommended
that there was need for beneficiary and adoption assessments
to determine the imract and value of scientific
recommendations on stakeholders and the resources.
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